Siry Genomic instability or microsatellite instability (MI) in simple repeated sequences was initially recognised in colonic carcinomas and subsequently in other tumours. MI has been associated with mutations in genes concerned with replication and DNA repair. We investigated 34 microsatellite markers in squamous cell carcinoma of the head and neck (SCCHN). Fifty-six tumours, were studied, of which 25 were investigated with ten or more microsatellite markers. In this study we (Shibata et al., 1994) . MI has now been correlated with mutations in the hMSH2, hMLHI, hPMSI and hPMS2 genes which have homology to bacterial and yeast genes participating in mismatch repair (Aaltonen et al., 1993; Bodmer et al., 1994; Nicolaides et al., 1994; Papadopoulos et al., 1994; Shibata et al., 1994 
Genomic instability at simple repeated sequences or microsatellite instability (MI) has been recognised in carcinoma of the colon (Aaltonen et al., 1993; Ionov et al., 1993; Thibodeau et al., 1993) and in a number of other carcinomas. Initially it was considered that there was a subset of colonic carcinomas in which these ubiquitous somatic mutations occurred only in microsatellites. Therefore, it was postulated that, as these mutations were associated with certain genotypic, phenotypic and clinical parameters, this indicated a new carcinogenic process in colonic cancer. Furthermore, as MI was found in all the specimens from patients with multiple tumours and adenomas, it was proposed that a mutation had occurred in the DNA repair gene (Shibata et al., 1994) . MI has now been correlated with mutations in the hMSH2, hMLHI, hPMSI and hPMS2 genes which have homology to bacterial and yeast genes participating in mismatch repair (Aaltonen et al., 1993; Bodmer et al., 1994; Nicolaides et al., 1994; Papadopoulos et al., 1994; Shibata et al., 1994) . Furthermore, mutations in these mismatch repair genes have been linked to loci on chromosomes 2pl5-16, 3p21-23, 2q31-33 and 7p22 (hMSH2, hMLHI, hPMSI and hPMS2) in hereditary non-polyposis colorectal cancer (HNPCC; Lynch syndrome) (Lindblom et al., 1993; Peltomaki et al., 1993; Nicolaides et al., 1994; Papadopoulos et al., 1994) . Mutation of the microsatellite repeats originates as slippage owing to strand misalignment during DNA replication, without preference for contraction or expansion of the parental allele (Richards and Sutherland, 1994) . Sequencing of the novel microsatellite alleles has demonstrated that instability is more common in markers consisting of larger repetitive units and it is considered to be an early event in malignant progression (Shibata et al., 1994) . Although a number of reports exist on MI in various tumours, its real significance in tumour progression is unknown.
In (Kaplan and Meier, 1958) . Differences between survival tmes were analysed by the log-rank method (Peto et al., 1976) .
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Fifty-six tumours were assessed for microsatellite instability with a wide range of markers, but not all tumours were investigated with all of the 34 microsatellite markers. Table I lists the numbers of specmen investigated for each of the 34 markers, which totals over 1500 paired PCRs. We analysed in detail the clinical data of 25 SCCHN patients whose specimens were examined with a minimum of ten microsatellite markers (range 10-38 markers). In this study we do not regrd the presence of one microsatellite alteration as diagnostic of microsateilite instability, thus our cinical correlations are alculated on the basis of micosatellite instability being demonstrated in two or more markers. The results of this analysis indicated that 28% (7/25) of SCCHN were found to have MI in two or more microsatellite markers and (Table H) . These MI alterations often appeared as single new bands (Figure 1 ) in comparison with the 'ladders' seen in HNPCC cancers (Aaltonen et al., 1993) . The highest incidence of MI was found on chromosome 4 at D4S392 (28%). The incidence of MI in different microsatellite markers varies considerably: six microsatellite markers demonstrated shifts in over 20% of the tumour samples studied for each marker, whereas 12 had 10% or less (Table I ). All but two of the microsatellites are dinucleotide repeats; GARBI and D4S243 are trinucleotide repeats showing 0% and 13% incidence of MI respectively.
The level of MI was assessed with a range of clinicopathological parameters in these 25 SCCHN patients, including previously untreated and previously treated with radiotherapy or surgery or both; site; histological differentiation; positive nodes at pathology, TNM staging survival; and also with the patients' smoking and drinking history. No correlations were found between MI and previously treated and previously untreated tumours, site, level of pathological differentiation, nodes at pathology or a history of drinking. Two of the four TNM stage I tumours had evidence of MI, indicating that this phenomenon is common in the earliest stages of the disease (Tables Ill and lV) .
Smoking data were available for 17 of these patients, and in this subset of patients three of four non-smokers had evidence of MI; in fact, two of these patients had 20 or more markers of MI (Table V) (Risinger et al., 1993; Burks et al., 1994; Merlo et al., 1994; Rhyu et al., 1994; Shridhar et al., 1994; Wooster et al., 1994; Yee et al., 1994) . Only two of the microsatelltes examined in this study were trinucleotides and they had low levels of MI (GARB1 and D4S243 had 0% and 13% respectively), whereas we have shown that specific dinucleotide microsatellite markers had a high incidence of MI. The markers tested in the present study were affected in various frequencies which range from 0% for GARBI and D8S198, to 28% for D4S392, 21% for D6S344 and 21% for D13S175. Wooster et al. (1994) argued that instability was a more common event in trinucleotide than dinucleotide repeats. Our results indicate that a subset of microsatellite markers are involved in MI as the markers used in this study were mainly dinucleotides and exhibited a wide range of instability frequencies. There is no evidence to indicate that these microsatellite repeats are functional, and thus we suggest that the aetiology of the different rates of instability is a structural and not a functional feature of the repetitive units.
Ionov et al. (1993) provided evidence for the mutator phenotype hypothesis as a molecular mechanism in carcinogenesis. This involves a mutation in a DNA replication or repair gene, which results in a decreased accuracy of these systems. Therefore, the mutator mutation results in accumulation of ubiquitous clonal somatic mutations in repeated sequences. Even though the microsatellite repeats are neutral, we can postulate that instability would affect other sequences within the genome that are functional, and MI serves as the marker for such genetic aberrations.
We have previously reported that a history of heavy smoking correlates with overexpression of the p53 tumoursuppressor gene (Field et al., 1991 , however these new findings provide strong support for a hypothesis that MI is a different mechanism of carcinogenesis from that previously reported in SCCHN (Field et al., 1989; Field, 1992 non-smokers. It is conceivable that certain individuals may be exposed to environmental carcinogens in particular industrial situations, and that this may be a major contributory element in the development of SCCHN in non-smokers. Smokers will also be exposed to similar industrial carcinogens, but the effect of tobacco smoke may act synergistically or independently of the 'environmental' carcinogens in causing a greater number of SCCHN. Even though the number of non-smokers investigated in this study is small, the majority of them had evidence of MI. We propose that MI may be considered a molecular marker of carcinogenesis in non-smokers and that this may very well be a valuable marker in molecular epidemiology of cancers in the future.
